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Abstract
We present the first internal motion measurement of the 6.7-GHz methanol maser within S269, a small
H II region in the outer Galaxy, which was carried out in 2006 and 2011 using the Japanese VLBI Network
(JVN). Several maser groups and weak isolated spots were detected in an area spanning by ∼ 200 mas
(1000 AU). Three remarkable maser groups are aligned at a position angle of 80◦. Two of three maser
groups were also detected by a previous observation in 1998, which allowed us to study a long-term position
variation of maser spots from 1998 to 2011. The angular separation between the two groups increased ∼ 10
mas, which corresponds to an expansion velocity of ∼ 10 km s−1. Some velocity gradient (∼ 10−2 km s−1
mas−1) in the overall distribution was found. The internal motion between the maser groups support the
hypothesis that the methanol masers in S269 could trace a bipolar outflow.
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1. Introduction
The 51→60A+ methanol maser transition near 6.7 GHz
discovered by Menten (1991) is known to be closely asso-
ciated with high-mass star-forming regions (e.g. Caswell
et al. 1995; Walsh et al. 1997; Minier et al. 2003; Xu
et al. 2008). They are thought to be a probe of just be-
fore and/or after the onset of the ultra compact (UC) H II
region (e.g., Walsh et al. 1998).
Various morphologies of the 6.7 GHz methanol masers
have been obtained with past interferometric and VLBI
observations. The linear distribution and velocity gradi-
ent of the masers have often been explained as an edge-
on rotation disk (e.g. Norris et al. 1998). Such a rota-
tion disk hypothesis is supported by detections of inter-
nal motions surrounding a radio continuum source (Sanna
et al. 2010a; Sanna et al. 2010b; Goddi et al. 2011;
Moscadelli et al. 2011). Moreover, several ring-like distri-
butions of masers have been applied to a disk model with
rotation plus expansion/infall motion (e.g. Bartkiewicz
et al. 2005; Bartkiewicz et al. 2009; Sugiyama et al. 2008b;
Torstensson et al. 2011). However, De Buizer et al.(2012)
resolved the near- and mid-infrared emission at the loca-
tions of four methanol maser rings, and did not find con-
sistent morphology of IR emission based on the hypothesis
that the masers reside in the circumstellar disks.
On the other hand, a shock-wave model has been
presented to explain the maser location in several
sources (Phillips et al. 1998; Walsh et al. 1998; Dodson
et al. 2004). De Buizer (2003) searched for H2 out-
flow signatures in massive young stellar objects with the
linear distribution of methanol masers to test whether
the outflows are perpendicular to the linear distributions.
Their search revealed that H2 emission is distributed al-
most parallel to the distribution of methanol masers in
their sample sources. In addition, multi-epoch VLBI ob-
servations have shown the internal motions of methanol
masers in massive star-forming region ON1, which sug-
gested that the masers trace the expansion of the UC H II
region or a bipolar outflow (Rygl et al. 2010; Sugiyama
et al. 2011). The 6.7 GHz methanol maser emission has
been detected on size scale of 1000 AU from young stel-
lar objects, and can be a powerful tool to investigate
the environment close to the forming high-mass proto-
star. However, internal motions of the 6.7 GHz methanol
masers have been reported in limited number of sources
so far (e.g. G16.59-0.05 for Sanna et al. 2010a; G23.01-
0.41 for Sanna et al. 2010b; ON1 for Rygl et al. 2010;
Sugiyama et al. 2011; IRAS 20126+4104 for Moscadelli
et al. 2011; W3(OH) for Matsumoto et al. 2011; AFGL
5142 for Goddi et al. 2011).
S269 (G196.45-1.68) is a small H II region spanning
about 2′ (Heydari-Malayeri et al. 1982), which is located
in the outer Galaxy. S269 harbors two bright near-
infrared (IR) sources separated by ∼ 30′′, IRS 1 and IRS
2 (Wynn-Williams et al. 1974a). Later, IRS 2 was re-
solved into double sources IRS 2e and IRS 2w with a sep-
aration of 4′′ (Eiroa et al. 1994; Eiroa & Casali 1995).
Recent near-IR images imply that several H2 knots are
distributed across IRS2, which suggest two bipolar out-
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Table 1. Observation parameters
Epoch Date Telescopes∗ Synthesized beam On-source time Irms
†
[yyyy/mm/dd] [mas, mas, degree] [hr] [mJy beam−1]
1 2006/09/10 Y, U, M, I 23×3, −34 2.1 110
2 2011/10/22 Y, U, H, M, R, O, I 8×3, −46 6.5 10
∗ Telescope code — Y: Yamaguchi, U: Usuda, H: Hitachi, M: VERA-Mizusawa, R: VERA-Iriki,
O: VERA-Ogasawara, I: VERA-Ishigaki.
† Image rms noise level for line-free channel map.
flows, powered by sources in IRS 2 (Jiang et al. 2003). In
S269, several signposts of star-forming activities such as
OH and H2O masers (e.g. Wynn-Williams et al. 1974b;
Genzel & Downes 1977), high-velocity CO wing emis-
sion (Wouterloot & Brand 1989; Yang et al. 2002) and a
Herbig-Haro object (Eiroa et al. 1994) have been detected.
The 6.7-GHz methanol maser emission has been also
found in S269 (Menten 1991; Szymczak, Hrynek & Kus
2000). The monitoring observations of 6.7-GHz methanol
maser emission from 1999 to 2003 revealed that the three
main methanol maser features have a sinusoidal time vari-
ation with a period of 668 days (Goedhart et al. 2004).
From past VLBI observation of 6.7-GHz methanol masers
in S269 using the European VLBI Network (EVN), Minier
et al.(2000, hereafter M00) detected two maser groups
named A and B; there is a single maser spot at veloc-
ity of 14.70 km s−1 in group A, and eight maser spots at
a velocity range of 15.04–15.43 km s−1 distributed in a lin-
ear structure of ∼15 mas at southeast–northwest direction
with a clear velocity gradient in group B. The VLBI image
by M00 showed that two groups were separated by ∼ 55
mas in 1998 November, and suggested that the methanol
masers are probably associated with IRS 2. Recent as-
trometric observation of water maser in S269 with VERA
also revealed that the absolute position of the water maser
feature agrees well with the position of IRS 2w (Honma
et al. 2007).
In this paper, we present 6.7-GHz methanol maser im-
ages of S269, eight and thirteen years after the past VLBI
observation by M00, and report the first measurements
of the internal motion of the S269 methanol maser. We
adopt D = 5.28 kpc to S269 (Honma et al. 2007), and
hence 1 mas corresponds to 5.27 AU.
2. Observations and Data Reduction
VLBI observations of 6.7-GHz methanol masers in S269
were carried out at two epochs, on 2006 September 10 us-
ing four telescopes of the Japanese VLBI Network (JVN),
and on 2011 October 22 using seven telescopes (table 1).
At Epoch 1, left-circular polarization was received at
Yamaguchi and Usuda, while linear polarization was re-
ceived at VERA Mizusawa and VERA Ishigaki. At Epoch
2, left-circular polarization was received at all telescopes.
The data were recorded with the VSOP terminal system
(Kawaguchi et al. 1994). The recorded data were corre-
lated with the Mitaka FX correlator (Shibata et al. 1998).
Data reduction including calibration, data flagging,
fringe fitting and imaging utilized using the NRAO AIPS
package. For visibility-amplitude calibration, we applied
the “template method” (e.g. Diamond 1995) in order
to correct any short term gain fluctuations and pointing
errors with a time resolution of 30 seconds.
We corrected the visibility amplitude decrement due to
the correlation between different (circular- or linear-) po-
larization data at Epoch 1 under assumption of no sig-
nificant polarization of the source, using the method of
Sugiyama et al.(2008a). A visibility amplitude in corre-
lation between circular- and linear- polarization data re-
duces by 1/
√
2. For the case of visibility amplitude in
correlation between linear- and linear- polarization data,
the amplitude varies with time of observation, or parallac-
tic angle of observing source at the time. We applied the
amplitude correction factor for each baseline visibility.
The residual delays and rates were estimated from
observations of the continuum source 0611+131. The
bandpass responses were calibrated with observations of
4C39.25. Fringe fitting and self calibration were done for
the brightest methanol maser emission in S269. Channel
maps were made every 0.178 km s−1 with uniform weight-
ing. The positions of the detected maser spots were de-
rived by fitting an elliptical Gaussian brightness distribu-
tion to the maps using the AIPS task JMFIT. The obser-
vation parameters for the JVN observations are summa-
rized in table 1.
We have also carried out the single-dish observations
toward the 6.7-GHz methanol maser emission of S269 with
the Yamaguchi 32-m telescope almost simultaneously with
each JVN observation, for an absolute flux calibration to
the VLBI data. The observations were performed for four
days from 2006 September 4, and one day on 2011 October
22 just after the JVN observations toward S269.
The dual circular polarizations were recorded simulta-
neously, and combined after being transformed into the
spectra. The velocity resolution was 0.044 km s−1. The
integration time was 14 minutes for each day, and the rms
noise level was typically 1.0 Jy for one spectral channel.
Spectral profile in September 2006 was obtained by aver-
aging the four-day data, resulting the rms noise level of 0.5
Jy. Amplitude and gain calibrations were performed with
the use of noise-sources having known noise temperatures.
3. Results
3.1. Spectra
Spectral profiles of the 6.7-GHz methanol maser emis-
sion in S269 are shown in figure 1. The maser emission
was detected at velocity range of 14.0–16.5 km s−1. The
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Table 2. Flux densities of the 6.7-GHz methanol maser
peaks
VLSR Flux density
2006 September 2011 October
[km s−1] [Jy]
14.7 9.8 21.1
15.2 19.0 22.8
15.9 6.1 14.1
spectrum detected with the Yamaguchi 32-m telescope re-
vealed the brightest peak at velocity of 15.2 km s−1, and
blue-shifted and red-shifted spectral components at peak
velocities of 14.7 and 15.9 km s−1, which is consistent
with the past single-dish observations (Szymczak, Hrynek
& Kus 2000; Goedhart et al. 2004). The flux densities at
the peaks of 14.7, 15.2 and 15.9 km s−1 are summarized
in table 2. The values of the peak flux densities in 2006
lie within the variation range (20–50 Jy at 15.2 km s−1,
0–10 Jy at 14.7 and 15.9 km s−1) observed during the
period from 1999 January to 2003 March by single-dish
monitoring (Goedhart et al. 2004). In 2011, the peak flux
densities at 14.7 and 15.9 km s−1 rise up over the varia-
tion range, while the peak value at 15.2 km s−1 is close
to the value at its minimum intensity. This variation is
different from the behavior during the period of the past
monitoring observations.
3.2. Spatial distributions
Figure 2 shows the 6.7-GHz methanol maser distribu-
tion in S269. At both of Epoch 1 and 2, all maser spots
distribute over a range of∼200 mas (1000 AU). The maser
distribution is organized by several maser groups and some
weak isolated spots. Here, we give labels to remarkable
groups (A, B, C, D and E). Groups A, B and C are seen
at both Epoch 1 and 2, and aligned along the direction at
a position angle of ∼ 80◦.
The most luminous maser spot at 15.2 km s−1 belongs
to group B. The maser spots in group B distribute in a
linear structure of ∼ 10 mas in the southeast–northwest
direction with a velocity gradient. The maser distribution
of group B in 1998 by M00 show a similar linear structure
of ∼ 14 mas in the southeast–northwest direction, and
the size became smaller. The velocity ranges of detected
maser spots in group B were similar in 1998 and 2006
(Epoch 1); 15.04 to 15.43 km s−1 in 1998 and 15.02 to
15.55 km s−1 in 2006. At Epoch 2, the velocity range of
group B was broadened to 15.00–16.16 km s−1 and several
spots at 15.67–16.16 km s−1 are newly detected. In 2011,
the structure of group B is still elongated, but its velocity
gradient became less simple.
Group A is the second brightest, which locates at ∼ 55
mas east from group B. At Epoch 1, it consists of two
maser spots at velocities of 14.67 and 14.85 km s−1 with
an angular separation of ∼ 1 mas. Its compact structure
and velocity range agree well with the past VLBI obser-
vations in 1998 by M00. At Epoch 2, however, four spots
with a velocity range of 14.84 to 15.33 km s−1 are linearly
(a) 2006 September JVNYamaguchi
 0
 10
 20
Fl
u
x 
D
e
n
si
ty
 [J
y]
(b) 2011 October JVNYamaguchi
 0
 10
 20
Fl
u
x 
D
e
n
si
ty
 [J
y]
 14  15  16  17
Velocity in LSR [km s-1]
Fig. 1. Comparison of the cross-power spectrum (vector av-
erage) obtained from our JVN observations (Solid line) and
the spectral profile measured with the Yamaguchi 32-m tele-
scope (Dashed line). Velocity resolution is 0.178 km s−1 and
0.044 km s−1, respectively. (a) Spectra in 2006 September.
The spectral profile measured with the Yamaguchi 32-m tele-
scope is obtained by averaging spectra observed from 2006
September 4 to 7. (b) Spectra in 2011 October 22.
distributed over ∼ 10 mas with a clear velocity gradient.
Group C is located 95 mas west from group B. It is di-
vided into two spectral channels at velocities of 15.73 and
15.91 km s−1 at Epoch 1, while it consists of three maser
spots at velocities of 16.33 and 16.49 km s−1 at Epoch 2.
We cannot identify the detected maser spots within group
C in the two epochs as being the same, because there is
a difference of ∼0.5 km s−1 in velocity, larger than the
velocity resolution of 0.178 km s−1, between two epochs
in their LSR velocities.
At Epoch 2, two prominent maser groups (labeled D
and E in figure 2b and table 3) are visible. Group D
is seen at 70 mas west and 60 mas north from group B.
Group D consists of several maser spots with velocities
of 16.00 and 16.17 km s−1. The appearance of group D
is consistent with brightening of the maser peak at 15.9
km s−1 in the spectral profile (figure 1b). Group E consists
of several blueshifted maser spots at velocities of 14.8–15.3
km s−1, and its detection is in accord with the brightening
of the maser peak at 14.7 km s−1. They are framed in by
a dotted rounded box in figure 2b, and distributed over
∼ 170 mas on the dashed line at a position angle of 125◦
in figure 2b, almost parallel to the alignment direction of
the H2 knots 1,2,3,4 and 5. The maser spots in group B
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H2 knots 
1,2,3,4,5
A
B C
A
B C
(a)  Epoch 1 (2006 Sep 10) (b)  Epoch 2 (2011 Oct 22)
200 AU 200 AU
A B C A B C
D
E
Fig. 2. The 6.7-GHz methanol maser distribution, observed with the JVN on (a) 2006 September 10 and (b) 2011 October 22.
Color circles mark maser spots detected at the > 10σ level in a single channel, or detected at the > 7σ level in two adjacent channels
with the position overlapping within the beam size. Color indicates the LSR doppler velocity of the spectral channel. The synthesized
beam size is shown at the lower right in wide-field view. In (b), the dashed lines indicate the direction at position angle of 125◦,
and a grey arrow represents the direction of alignment for the H2 knots 1, 2, 3, 4 and 5 (Jiang et al. 2003).
and E seem to be aligned on the same line in the direction
at position angle of 125◦. The two maser groups D and E
are brighter than group C, but not as bright as group A.
The maser spots, except groups A and B were not vis-
ible in the EVN observations in 1998 November (M00).
The maser peaks at 14.7 and 15.9 km s−1 could be at the
minimum phase in intensity at that time, as Goedhart et
al. (2004) has shown.
3.3. Internal motion
Since we did not use the technique of phase referencing
for our VLBI observations, the absolute information of
position is unknown. Furthermore, there is uncertainty
about the identification of each maser spot, because (i)
the different velocity resolutions between EVN and JVN;
and (ii) time variation of velocity ranges of groups A, B
and C at Epoch 2. Therefore, we here describe the relative
position of the maser spots with respect to the barycentric
point among maser spots within group A for each epoch.
For 1998, the reference point is the position of the single
maser spot at a velocity of 14.70 km s−1 in group A.
The relative positions of the maser spots in groups A,
B and C are listed in table 4. The superposition of the
maser distributions in 1998 (M00), 2006 (Epoch 1) and
2011 (Epoch 2) is shown in figure 3. The spatial and ve-
locity structure of groups A, B are similar during the pe-
riod from 1998 to 2011. Group C appears in 2006 (Epoch
1) and 2011 (Epoch 2), and there are similarities con-
cerning the position and the compactness of its structure
between the two epochs. The angular separation between
the barycentric points of groups A and B increases 5 mas
for thirteen yeas from 1998 to 2011. If we assume that
it increases at a constant rate, the velocity of the inter-
nal motion is estimated to be 10 km s−1. We note that
the maser distribution and the velocity range of group A
at Epoch 2 are changed from two previous VLBI obser-
vations in 1998 and 2006 (Epoch 1), and there could be
uncertainty about the reference point at Epoch 2. If we
exclude the results at Epoch 2 for estimation of the in-
ternal motion between group A and B, the velocity of the
motion would be calculated to be 13 km s−1, since the
angular separation increases by 4 mas from 1998 to 2006.
It is difficult to discuss about the motion of group C,
because the velocity range of group C at Epoch 1 and 2
is not same, and therefore the maser spots in group C in
different epochs cannot be identified as being the same.
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Table 3. Parameters of maser spots in group D and E at Epoch 2
VLSR Relative RA
∗ Relative Dec∗ Peak Intensities
[km s−1] [mas] [Jy beam−1]
Group D
16.00 −115.66 18.78 0.50
16.00 −120.91 49.77 0.38
16.00 −123.90 66.23 0.32
16.16 −117.62 19.86 0.32
16.16 −121.06 48.82 0.29
16.16 −122.47 63.70 0.26
16.16 −123.01 42.72 0.27
16.16 −123.05 44.84 0.26
Group E
14.84 −17.03 −79.03 0.34
14.84 −31.28 −47.72 0.33
15.00 −19.16 −77.65 0.45
15.00 −30.91 −47.19 0.46
15.17 −37.65 −32.30 0.50
15.17 −120.91 49.77 0.38
15.33 −37.48 −34.57 0.47
15.33 −104.48 63.27 0.41
15.50 −68.20 15.10 0.44
∗ Relative position with respect to the barycentric point of group
A.
Fig. 3. Superposed maps of the 6.7-GHz methanol maser distribution in groups B and C with respect to group A in 1998 (M00),
2006 (Epoch 1) and 2011 (Epoch 2). Color circles mark the maser spots, and a cross represents the barycentric point for each group
and epoch. The coordinate origin (0,0) is set to the barycentric point among maser spots within group A for each epoch. For 1998,
the origin (0,0) is the position of the single maser spot at a velocity of 14.70 km s−1 in group A.
6 Sawada-Satoh et al. [Vol. ,
Table 4. Positions of the maser spots in group A, B and C
Group VLSR Relative RA
∗ Relative Dec∗
[km s−1] [mas]
1998 (M00)
A 14.70 0.00 0.00
B 15.04 −56.15 −3.17
B 15.09 −55.35 −4.89
B 15.16 −54.01 −6.81
B 15.21 −51.93 −8.89
B 15.25 −52.80 −9.35
B 15.30 −50.59 −12.16
B 15.35 −48.54 −15.47
B 15.43 −53.00 −15.03
2006 (Epoch 1)
A 14.67 0.08 −0.51
A 14.85 −0.08 0.51
B 15.02 −56.13 −9.18
B 15.20 −55.19 −11.06
B 15.38 −54.99 −13.20
B 15.55 −54.57 −18.00
C 15.73 −151.88 −12.46
C 15.91 −152.64 −8.75
2011 (Epoch 2)
A 14.84 −1.93 4.47
A 15.00 −0.35 2.38
A 15.17 0.86 −1.81
A 15.34 1.43 −5.04
B 15.00 −54.65 −13.74
B 15.17 −54.68 −13.10
B 15.34 −56.29 −11.65
B 15.50 −56.56 −9.34
B 15.67 −56.24 −11.68
B 15.83 −55.36 −14.27
B 16.00 −54.22 −16.08
B 16.16 −54.29 −16.78
C 16.33 −152.42 −13.42
C 16.49 −151.31 −13.60
C 16.49 −151.62 −16.01
∗ Relative position with respect to the barycentric point of group A.
3.4. Velocity gradient
The velocity gradient in the overall distribution could
roughly be seen along the alignment of groups A, B and C
at a position angle of ∼ 80◦. At Epoch 2, another obvious
linear structure, which consists of groups B and E, is seen
along the southeast–northwest direction (position angle
of 125◦) in figure 2. However, a more rigorous inspection
for the individual maser groups indicates that the velocity
gradient is not simple. A position-velocity diagram along
the direction at position angles of 80◦ and 125◦ indicates
a linear fitting of velocity gradient of 9.5 m s−1 mas−1
and 6.4 m s−1 mas−1, respectively (figure 4).
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Fig. 4. (a) Position-Velocity diagram of all the maser spots
detected in 2006 and 2011, along the direction at position
angle of 80◦. The open square and the filled circle indicates
the maser spots obtained from VLBI observations in 2006
and 2011, respectively. The solid line represents a linear fit
and indicates a velocity gradient of 9.5 m s−1 mas−1. (b)
Position-Velocity diagram of all the maser spots detected in
2011 along the direction at position angle of 125◦. The solid
line represents a linear fit and indicates a velocity gradient of
6.4 m s−1 mas−1.
4. Discussions
As described in introduction, the 6.7-GHz methanol
maser emission has been considered to trace various struc-
tures in high-mass star-forming region. Here, we discuss
possible scenarios where 6.7-GHz methanol maser emis-
sion is associated with a bipolar outflow or a disk.
4.1. Outflow scenario
The bipolar outflow scenario is the simplest explanation
for the increase of the angular separation between two
maser groups A and B. The axis of outflow would be a
line joining the two maser groups A and B, in the direction
at position angle of ∼ 80◦. A possible schematic diagram
of the outflow model is shown in figure 5. The viewing
angle of the outflow (θv) is estimated to be 87
◦, from the
projected relative velocity of 13 km s−1 (Vf sinθv) and the
velocity difference between groups A and B of 0.6 km s−1
(Vf cosθv). Therefore, the outflow axis is almost parallel to
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B
A
The line of sight
Outflow axis
cos
sin
The central star
Fig. 5. Possible schematic diagram of outflow model to ex-
plain the increase of the angular separation between two
maser groups, A and B. Groups A and B travel away at the
outflow velocity of Vf from the central star.
the sky plane, and the absolute velocity of the expansion
between groups A and B is estimated to be nearly 13
km s−1. We derived the momentum rate of the outflow
P˙f , defined as
P˙f = 2ΩfR
2nH2mH2V
2
f , (1)
where Ωf is the solid angle of the outflow, R is the dis-
tance from the central star, nH2 and mH2 are the number
density, and the weight of molecular hydrogen, and Vf is
the outflow velocity (e.g. Nagayama et al. 2008). The
location of the central star would be somewhere on the
line segment between groups A and B. The solid angle
of the outflow, Ωf is 2pi{1− cos(θop/2)}, and the opening
angle of the outflow, θop, is an appearance angle of group
A or B from the central star. Here, we assume that the
central star is located at the midpoint between the groups
A and B. We obtain P˙f = 2.1× 10−5M⊙ km s−1 yr−1,
adopting θop = 10
◦ as the appearance angle of group A
or B from the midpoint that Vf = 6.5 km s
−1 as half of
the absolute velocity of the expansion between groups A
and B, R=150 AU as half of the distance between groups
A and B, and a typical gas density for methanol maser
environment nH2 = 10
8 cm−3 (Cragg et al. 2005).
Group C is also located on the extension of the line, and
groups A, B and C could be associated with the same out-
flow. However, the direction at a position angle of ∼ 80◦
is not consistent with a large-scale bipolar outflow in the
southeast–northwest direction traced by several H2 knots
(Knots 1,2,3,4,5; Jiang et al. 2003). Therefore, the inter-
nal motion of groups A and B could be driven by another
outflow. The near-IR images have suggested the existence
of a second outflow with a different axis traced by H2 knot
6 as well (Jiang et al. 2003). If the second outflow is pow-
ered by sources in IRS 2, the outflow axis would be a line
to connect IRS 2 and H2 knot 6. We note that the direc-
tion of the outflow axis is nearly parallel to the position
angle of 80◦, which is the alignment of maser groups A,
B and C. Currently, there is no strong observational sup-
port to link the outflow in southeast–northwest direction
traced by several H2 knots with the maser spots in group B
and E aligned along the direction at position angle of 125◦
seen at Epoch 2. Measurements of the absolute positions
Vrot
r
Vrot sin
Vrot cos
r
 
cos
A
B
Vrot
r
 
cos
Vrot cos
Vrot sin
The line of sight
Fig. 6. Diagram of a rotation disk from the face-on view.
Here, we assume that the maser groups A and B rotate in an
orbit with the radius of r at the rotation velocity of Vrot.
and proper motions of the methanol masers are necessary
in order to confirm the relation between the maser spots
and the H2 knots in southeast–northwest direction.
4.2. Disk scenario
The disk scenario has often been proposed to interpret
the maser distribution in a linear distribution with a ve-
locity gradient, and could be another candidate to explain
the observational results of the methanol masers. If the
velocity gradient of the methanol maser emission is due to
a rotation disk, the enclosed mass in the Keplerian law is
estimated to be ∼ 1M⊙, assuming an edge-on view of the
disk with a disk radius of 1000 AU, the total extent of the
methanol masers. The estimated value is too small as a
high-mass star forming region, in which 6.7-GHz methanol
maser emission is exhibited. This fact has already been
pointed out by M00, which suggested the possibility that
methanol masers are associated with a fraction of the ro-
tation disk, resulting is an underestimate of the enclosed
mass.
Here, we consider the hypothesis that the methanol
masers could trace the partial disk, assuming that groups
A and B rotate around a protostar in an orbit with a
radius of r at a rotation velocity of Vrot, as shown in fig-
ure 6. The projected distance between groups A and B
(DAB = r cosθ− r cosφ), the velocity of the relative mo-
tion between groups A and B (Vrel =Vrot sinφ−Vrot sinθ),
and the difference of the radial velocity between groups A
and B (∆Vrad = Vrot cosθ− Vrot cosφ) are provided from
our VLBI observations. If we assume that groups A and
8 Sawada-Satoh et al. [Vol. ,
B are located in the near side of the disk (0◦ ≤ θ ≤ 180◦
and 0◦ ≤ φ ≤ 180◦), the orbit radius and the rotation ve-
locity are estimated to be r ∼ 75000 AU and Vrot ∼ 150
km s−1, adopting the observational results: DAB of 300
AU, Vrel of 13 km s
−1 and ∆Vrad of 0.6 km s
−1. Using
the estimated r and Vrot, the resulting enclosed mass is
1.9× 106M⊙, which makes this scenario unlikely. If the
location of group A is allowed to be at the far side of
the disk (−180◦ ≤ θ ≤ 0◦), much smaller values of the en-
closed mass can be derived. When (θ,φ) is (−88◦,92◦),
the minimum value of the enclosed mass is calculated to
be 180M⊙, in a disk property with Vrot = 6.5 km s
−1 and
r=3300 AU. The enclosed mass of ≥ 180M⊙ is still some-
what large as a single high-mass protostar. Therefore, we
conclude that the scenario that methanol masers trace a
disk around a protostar is less likely to account for the
observed characteristics of the methanol maser emission.
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